Abstract. In this study we examine the possibility that the historical total of human landcover changes have had a comparable effect on climate to that of historical increases in CO2 and aerosols. We compared results from two coupled climate model simulations which investigated transient climate changes produced by observed historical changes of CO2 combined with sulfate aerosol forcing with two other climate model simulations that examined the equilibrium climatic effects of currently observed changes in landcover from its natural state. We found that simulated, near-surface temperature anonialies due to transient increases in atmospheric CO2 combined with aerosols at the level currently observed are of similar ampUtude as simulated temperature anomalies due to the direct and remote (nonlocal) equiUbrium effects of historical anthropogenic landcover change in all models. Both effects are of comparable amplitude to observed temperature trends in the past 2 decades, the period of largest global surface warming. These results provide evideiice for a confounding influence on surface temperatures and may be an indication that the problem of detection of the radiative warming effect of increased CO2 in the observational record may be more complicated than previously appreciated.
found that regional effects of landcover change could be of the same magnitude as those due to present levels of CO2 loading in equilibrium climate experiments with a mixed-layer ocean model. This is a particularly interesting result because the temperature increases due to an instantaneous increase iii CO2 in an equilibrium simulation with a mixed layer ocean are typically substantially larger than the effects of transient in creases in CO2 in a model with a dynamically coupled ocean at any given time during the ramp up [e. 
Methods and Data
We 
Model Results
Plate 1 compares the effects of increased CO2 and landcover change on near-surface temperature in January. Temperature differences are shaded, while contoured regions represent re gions of statistically differing means at the 90% (thick contour) and 95% (thin contour) confidence levels. During this month anomalies in the CCCma experiment, vegetation change sim ulates more than 30% of the signal due to greenhouse gasses/ aerosols. Both landcover change simulations also show strong and significant temperature anomalies in regions with no direct landcover change forcing. This is an indication that remote teleconnections due to changes in large scale circulations play an important role in the overall effects of historical landcover change. The ratio of the absolute value of the vegetation change anomalies and the absolute value of the C0 2 /aerosol anoma lies for January are shown in Figure 1 where shading indicates that the absolute value of the vegetation c h a n g e^o m m^ 50% (light shading), 100%, 200% (darkest shading) that of the corresponding absolute value of the CO2 anomaly.
Even using the generally more powerful Z tesK[^a/z, 1982] on the vegetation change experiments, the statistical signifi cance of the temperature anomalies under C0 2 /aerosol forcing is stronger and covers a much wider area than that of th landcover change experiments which is interesting because the size of regional temperature anomalies is comparable in all experiments. This indicates that either the landcover change experiments are generating more variability in general or that differences are occurring preferentially in regions of high vari ability in the vegetation change experiments.
Plate 2 shows results for July averages. The two C02/aerosol experiments (Plates 2a and 2b) have smaller anomalies in this month than in January with between 0°-2° changes over much of the Northern Hemisphere and at high southern latitudes.
Tropical differences are usually less than 0.5°. For the vegeta tion change experiments (Plates 2c and 2d), July anomalies are also smaller than in January, and major differences tend to be limited to land surfaces. Differences of 0°-T are of the similar magnitude to those generated in the C0 2 /aerosol experiments over large regions. The statistical significance is again weaker for the landcover change experiments than for the C0 2 /aerosol experiments overall though statistically significant differences tend to be over land areas (where most temperature sensors exist) in contrast to the C0 2 /aerosol experiments where the significant differences tend to be over water. Ratios of the anomalies for July are shown in Figure 2 and indicate that the ^ffect of landcover changes in many regions is comparable and ^exceed that of CO2 and aerosols.
Contfmrison With Observations
In this section we compare recently observed climatic changes with the"iO!iodel simulations of section 2. We choose the period starting iiM^S because this period coincides with the steepest rise"li^ temp^ratj^e in the surface observational lOO] and so allows us to compare the magnitude of temperature^htanges in the model simulations against the largest regional warmin^Hi^nds of this century. Substantial, large-scale landcover change^"-4?o curred during this period [Leemans, 1999 ; O'Brien, 2000]>We make no attempt to quantify the relationship between spatial patterns generated in the model simulations and those in the observations because we believe that any correspon dence in regional anonialies would be by chance. Such an analysis would be more appropriate if a large ensemble of each model experiment existed.
In broad terms, the 1978-1998 January temperature changes for the surface observational network (Plate 3) shows recent regional trends of both signs which are of similar magnitude and often occur in similar regions of the globe as those simu lated both by increased C0 2 /aerosols and by changes in land cover. However, simulations of the effects of C02/aerosols show the largest and most significant effects of present-day CO2 levels to be at precisely the latitudes where the surface observational network has least adequate coverage. In July, observed trends (Plate 3b) are again of similar magnitude to those simulated both in the C0 2 /aerosols experiments and in the landcover change experiments.
Discussion
The results presented here provide initial evidence from several sources that simulated temperature anomalies due to historically observed CO2 combined with aerosol forcing and simulated temperature anomalies due to the direct and remote effects of historical, anthropogenic landcover changes are of similar amplitude and may occur in similar regions of the globe so that their effects are not easily spatially isolated. Both are comparable in magnitude to observed trends in the past 2 decades, a period when regional temperature trends should be at their largest.
We emphasize that the effects of historical changes in land cover need further examination with more sophisticated, fully coupled climate system models in order to more completely evaluate the robustness of these results. However, this initial assessment has several implications. First, in order to assess the impact of increases in anthropogenic greenhouse gasses and aerosols on climate, the influence of other factors, includ ing landcover change, must be accounted for in the observa tional record. Second, disagreements between temperature trends observed at the surface and in the satellite data might be partially explained by changes in landcover which have com plex regional effects and might differentially affect surface and 
